3  //*<? 


ANALYSIS  OF  JUNCTION  TRANSISTOR  CONVERTERS 
-  Communist  China  *» 

by  Ch'eng  Chung-chic 


P';  Ro/ipit  m  » 

«  Ui  ia. 


DISTRIBUTION  STATEMENT  A 

Approved  for  Public  Release 
Distribution  Unlimited 


20000712  168 


Distributed  by: 

OFFICE  OF  TECHNICAL  SERVICES 
DEPARTMENT  OF  COMMERCE 
WASHINGTON  25,  I>.  C. 


U  "s"  JOINT  PUBLICATIONS  RESEARCH  SERVICE 
205  EAST  42nd  STREET,  SUITE  300 
NEW  YORE  17,  N.  Y. 

Reproduced  From 
[DUO  qualitt  maranagp  ♦  Best  Available  Copy 


This  publication  was  prepared  under  contract 
"by  the ,  UNITED  STATES  JOINT  PUBLICATIONS  RE¬ 
SEARCH  SERVICE/  a  federal  government  organi¬ 
zation  established  to  service  the  translation 
and  research  needs  of  the  various  government 


departments . 


JPRS 


:  3480 
•  CSO:  3930-D 

ANALYSIS  OF  JUNCTION  TRANSISTOR  CONVERTERS 

*  '  ■  .  1  . 

.  following  is  a  translation  of  an  article  by  Ch'.eng  Chung-chih 
"  in  the  Chinese -languate  periodical  Vu-li  Eaueh-pao  (Acta  Physica 
Sinica),  Peiping,  Vol.  XV,  No.  10,  October  1959,  pages  525-533 J 

;  "This  paper  describes  a  detailed  analysis  of  conversion  properties 
of  function  transistors.  A  new  parameter  "the  effective  con¬ 
version  transconductance"  is  introduced  for  characterizing 
transistor  converters.  The  effective  conversion  trrnsconductanco 
of  transistors  converters  using  a  PNP  transistor  operated  at 
different  oscillatory  conditions  and  at  various  signal  fre¬ 
quencies  are  studied.  Main  differences  between  transistor 
Convertors  and  vacuum  tube  converters  are  compared. " 


1.  Introduction 

Transistors  have  already  been  widely  used  in  superheterodyne  type 
receivers,  and  have  been  effectively  used  as  converters.  However,  one 
finds  in  the  information  available  that  a  good  theory  for  transistor 
converters  is  lac  ting.  This  paper  analyzes  the  application  of  the 
junction  transistor  converter,  and  introduces  a  new  parameter  "the  effective 
conversion  transconductance"  to  determine  the  characteristics  of  a  con¬ 
verter.  We  calculated  this  parameter  and  its  difference  with  the  conver¬ 
sion  transconductance  used  in  vacuum-tube  converters.  We  also  found 
the  relationship  between  this  parameter  and  the  oscillatory  conditions, 
as  well  as  the  relationship  between  this  parameter  and  the  characteristic 
of  the  transistor.  A  sample  calculation  is  given  for  the  case  of  a  PNP 
junction  type  transistor  manufactured  by  the  alloy  process.  This  method 
of  analysis  can  also  be  applied  to  other  higher -frequency  type  transistor 
converters.  _ 

There  exists  a  /i- 37  considerable  amount  of  theoretical,  analysis 
of  vacuum-tube  and  diode  converters.  The  method  of  analysis  used  there 
can  also  be  applied  to  analyse  transistor  converters. 

However,  due  to  the  difference  of  the  basic  characteristics  of  the 
vacuum  tube  and  transistor,  the  conditions  of  application  of  the  vacuum 
tube  converter  and  the  transistor  converter  are  also  different.  This 
article  points  out  the  important  difference  between  these  two  kinds  of 
converters. 

The  basic  circuits  of  a  transistor  are  common-base,  common -emitter 
and  common-collector;  the  common-emitter  circuit  is  best  for  high 
efficiency.  ThiB  paper  shall  use  the  common-emitter  circuit  for  discussion. 
The  practical  example  uses  a  PNP  junction  transistor  manufactured  by  the 
alloy  process. 
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Figure  1  /see  Figure  Appendix/  shows  the  block  d.iagrom  of  a 
c cmmon-enitter  converter.  The  input  signal  v8(t)  and  oscillatory  signal 
vQ(t)  are  fed  in  "between  the  "base  B  and  the  returning  path  of  the 
emitter  E;  the  intermediate  frequency  signal  ip.f^t)  is  obtained. between 
the  collector  C  and  the  returning  path  of  the  emitter  E:.  We  have 
v0(t)  =  u  /  V0cos(w0t)  (1) 

7s(t)  -  VgCos(ws.t  (2) 

u  in  equation  (l)  represents  the  bias  between  base  and  .emitter  under 
oscillatory  condition.  Vo  is  the  amplitude  of  the  oscillatory  signal, 
wo  is  the  angular  frequency  of  the  oscillatory  signal.  Vs  in  equation 
(2)  is  "the  amplitude  of  the  input  signal;  rps  is  the  phase  angle  and  w8 
is  the  input  angular  frequency,  with  1 

•^o  -  wa  =  wi>f  .  , 

Wj  f  in  the  above  equation  is  the  intermediate  angular  frequency.  In 
the  following  analyses, -.we  shall  neglect  the  effect  of  signal  frequency 
v±  (v.j_  =  wQ  /  =  ws  /  2  Wj  )  and  the  harmonics  (nw0;  n  =  2,3  ...) 

of  the  oscillatory "signal  on  conversion.  If  during  the  application  of 
conversion,  the  amplitude  of  the  input  signal  is  smaller  than  the  esc ilia 
tory  amplitude ' (Vs<^  V0) ,  . the  DC  application  condition  of  the  transistor 
convertor  changes  periodically  according  to  the  oscillatory  signal. 

The  transistor  circuit  can  be  represented  by  various  small -signal 
equivalsrit  circuits .  This  article  uses  one  of  them  and  it  is  shown  on 
Figure  2 Lr-J  .  '  ’The'-paa'ameters  •  (n>b  •  >Sb  ’e',®b  *e  ,6b  •  c,cb  *  o.,ece ,€m)  •  -Of- 
equivalent  circuit  are  determined  under  DC  teste  of  the.  transistor,- 

The  I'C  condition  of  the  transistor  converter  changes  according 
to  the  oscillatory  signal,  hence  these  parameters  also  change  in. tine 
according  to  the  oscillatory  signal.  They  become  functions’  of  time  and 
are  represented  by  r^,,  (t) ,eb,e(t)  ,cb,e(t)  ,gb',c(t)  ,eb,c(t)  ,gce(t)  ,&#)  • 
Figure’ 2  with  these  time -dependent  parameters  shows  the  use  of  the  con¬ 
verter.  Point  B  represents  the  base,  E  the  emitter,  C  the  collector  and 
B*  is  some  point  of  the  base.  B',C,E  three  points  forms  the,  basic  cir¬ 
cuit  of  the,  transistor  and  B,C,E,  three  points  form  the  actual  transistor 
rjjbt  represents  the  base  resistance.  The  signal  at.  the,  output  point  of 
the  current  generator  gnVb i e  is  proportional  to  that  between  B •  and  E. 
This-  important  point  distinguishes  the  actions  of  the.  transistor  con¬ 
verter  and  the  vacuum-tube  converter .  The  input  point  of  Figure  2  has 
connected  in  series  an  internal  impedance -2?  with  a  signal  generator 
of  amplitude  Vg  and  an  internal  impedance  20  with  an  oscillator  of 
amplitude  V0.  The  output  end  is .connected  with  the  load  2@. 

2.  Conversion  Transconductance  "gc^" 

The  transconductance  of  a  transistor  can  be  obtained  from  the  slop 
of  the  static  curve  (the  relation  between  Vrf. ~ and  Iq  when  Vc  is  fixed): 


Bm  =  iEo, 


(3) 
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Figure  3  shows  a  static  curve  of  a  typical  medium-frequency  PUP 
germanium  transistor.  The  figure  also  shows  a  group  of  small -signal 
parameters  when  Yc  -  -6  v.,  Ic  -  -1  amp.  From  Figure  3  one  uses  graphic 
method  to  find  transconductance  at  each  point  and  also  the  relation 
between  transconductance  and  bias  voltage.  It  is  shown  in  Figure  4. 
During  application  as  a  converter,  the  transconductance  changes  accord¬ 
ing  to  the  oscillatory  action, 

OCJ 

*<t>  =  2  DjjCoa  nwDt  (4) 

n  :  0 

Suppose  the  output  current  is, 

i(t)  =  %(t)v8(t)  (5) 

Substitute  (2),  (4)  into  (5),  and  we  obtain 

•CO 

i(t)  -  Z7  an  cosnw0tVgCos  (wst  -f0)  : 
n  =  0 


vBeos  f  (wQ 

From  the  first  tern  of 
current 


-  vs)  t  /  ...  (6) 

(6) ,  we  obtain  the  intermediate -frequency 


:  vgcos  (wi>f  >t  /  f0)  =  gclVBcos(wi>f  t/  <fQ  =  Ii>f  ,cos(w1>f  t/  % 

2  (7) 

In  (7)  g  ie  called  the  "conversion  trans conductance"  with, 
cx 


Sol  -  3Ii.f.  :  Si  (8) 

3%  a 

One  can  use  different  methods  to  obtain  ±he  value  of  gci«  The 
usual  method  is  the  7 -point  graphic  method  L  -*•_<  From  Figure  5,  we 
obtain 

gci  "  12  fiet  ~  Si)  /  “  83)  /  1-73  (e6  ~  g2)_7  (9) 


The  meaning  of  •-•67  can  "be  seen  from  Figure  5  and  reference 

i  i_^7  • 

“  The  above  method  (eq.  (5)  to  (9)  )  for  obtaining  the  "conversion 
trans conductance"  is  the  same  as  for  the  vacuum-tube  converter.  "Con¬ 
version  transconductance"  is  used  in  representing  the  conversion  ability 
of  vacuum-tube  converters .  One  usually  bases  on  this  parameter  in 
selecting  vacuum-tube  converters.  However  one  cannot  use  gcl  alone  in 
determining  the  conversion  ability  of  a  transistor  converter,  because 
for  transistor  converters  the  assumptions  of  equation  (5)  are  not  satis¬ 
fied;  The  output  current  is  related  to  V^r^t) 

i(t)  =  %(t)vb,e(t) .  (10)  ; 
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Hence  we  must  look  for  a  new  parameter  to  characterize  the  conver¬ 
sion  ability  of  a  transistor  converter.  As  a  result  cf  research,  we 
obtain  a  new  parameter  called  "effective  conversion  transconductance" 
represented  by  g.,. 

e.  "Effective  Conversion  Transconductance", 

Change  (10)  to 


'be 


rty 


Va(t)  =  %(t) 

^  — 
~  Vb«e(t) 

• 

The(^) 

V3W  m  ' 

■^1 

CD  | 

1 

- - s 

c+ 

>(t) 

Substitute  (2),  (b)  into  (11)  and  obtain  the  intermediate -frequency 
current  as, 


*■[ 


al 

2~ 


V 


be 


-  K)  J*®. 


(Vs)l  VsCOS(v*  f.t  -^|0) 


From  (12) ,  we  obtain  the  relation  between  the  output  intermediate- 
frequency  current  and  the  input  signal, 

3*i.f . 

'  s 

Let  the  input  impedance  of  the  converter  be  Zin(wg)  and  the 
oscillatory  generator  impedance  Z0(ws) — ->o  then, 


l~-i  Vb’e  (w3)  ^be  (w8)l  = 

[gc/h-e  (v8)  !he  (w8)l 

.(13) 

L2  V  be  V  s 

*-  Vbe  vs  J 

Vbe(^) 


^eT 


1/ 


(lb) 


8  Cw  ) 

Zin  S 

Equation  (lb),  shows  vbe(ws)  is  related  to  the  input  signal 


Vs(V 

impedance  and  the  input  impedance.  In  finding  a  parameter  characterizing 
the  ability  of  the  converter,  this  parameter  must  he  related  to  the 
property  of  the  converter,  hut  not  the  property,  of  the  signal  generator. 
Hence  let 


K  (w J 


zinW 

Simplify  (13) 

9lj.f . 

;  .  ■  .  •  9  y  8 


then  V, 


~  (w8) 

s 


eci  P11  (vs) 

vhe 


*Sl 


(15) 


From  (15),  we  obtain  called  "effective  conversion  transconductance 
We  use  it  to  represent  the  conversion  ability  of  a  transistor  and  the 
relationship  between  the  intermediate -frequency  signal  and  the  input 
signal. 
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4  The  Calculation  of  Ve  (vg) 

_ _  %e  ' 

■  "Effective  conversion  transconductant"  is  the  product  of 

"conversion  trans conductance"  gcn  arid  Ve  ("Wb^  6<;l  can  obtained 

■  -  '  \>e’ 
from  04.  (9),.  and  the  calculation  of  Vb*e  ^  is  described  in  detail  as 

3 

follows:  When  the  intermediate -frequency  load  Zt  ^  ^  )  and  the  output 
impedance  f  )  of  the  converter  matches  s  '%%  (vi.f  M  > 

the  condition  for 'maximum  efficiency  output  is  met.  When  operated 
under  conditions  of  narrow  frequency  band,  the  load  impedance  can  be  ad¬ 
justed  to  very  small  values  for  the  oscillatory  and  input  signal  frequen¬ 
cies  2  (w  )  — >0,  ST (w  )  — }  0.  Under  this  operating  condition,  the  input 
impodanceSZln(ws)  of  ?he  converter  can  be  represented  by  the  short-circuit 
input  impedance  ^Figure  6 (a^7 >  wherein  rbbi  (t)  >8t*c(t);,fib*e^t)  tc(t)  ,c£, se(i’/ 
are  time -dependent  functions  changing  according  to  the  oscillatory  condi¬ 
tions.  The  effect  of  these  parameters  on  the  input  signal  can  be  approx¬ 
imately  represented  by  their  average  values  in  an  oscillatory  period 

C^bb*  ^vl^b^^b'V^Vc)  •  /k  7 

From  the  characteristics  of  a  transistor,  one  obtains,^ 
rbb'  (V  =  rbb‘  "  rbb1', 

iVe  St*c,  (!T) 

C-ht=  'y?  .  (IS) 


®b’e —  j 


K  T 


_ q 

KT  d, . 


c-K  Ie— _T _ .JL 

K  T  2D 


-  _S_  V* 
KT  "2D 


(-r^W  m 


where  q  is  the  charge  of  electron;  K  is  the  Boltzmann  constant;  T  is  the 
absolute  temperature;  W  is  the  base  width;  D  is  the  dispersion  constant; 
and<A  v0  is  the  amplification  factor  of  the  common-emitter-shcrt-circuit- 
iow -frequency  circuit  From  (19)  and  (20)  one  knows  that  gb,e  and  c^ ,c 
are  proportional.  to  Ic . 

Let  the  values  of  gbie  and  Cb,e  be  gA  and  CA  respectively  when 
Ic  -  -1  na,  then 

fb’c  1  -eAic>  (21) 


cb'e  r  _cgIc  > 


-  5  - 


But  the  average  values  of  8'0te  and  c-^  te  during  one  oscillatory  period  are 

Vi  =  -gAlc,  (23) 

Ve  =  "CA*c  ^ 

where  I  c  is  the  average  collector  current  under  oscillatory  conditions, 
and  its  value  can  he  obtained  by  the  7-  point  graphic  method  as, 

~  J2  Z* i  /  *7  /  2(j2 /  I3  /  x4  /  I5  /  (25;  ^ 

vhere  the  meanings  of  Ij  to  In  ore  defined  in  Figure  5  and  reference  JlJ  . 

From  equations  (23 (24),  _£25)  and  the  known  values  of  gA  and  CA, 
we  obtain  the  values  for  gu,  and  0-^je. 

Then  from  Figure  6(b)  ,  we  obtain: 

(Vo)  —  — — -  ,  - -  .  e*) 

1  /  ^bb’Sb'e  f  Jwsrbb * cb ’ e 

The  absolute  value  of  ^b’e  (wa)  is 


11®.  (vs) 


If  rbb'®b»3  <£■  then 


'(21) 


V  (1  f  r-DD,g^Te)2  /  (ihVwscb,-e) 


V  ^  I  ...  ...  ■  I  g.  ..  ■  ^  ^  ^  ^ 

0^1  /  (rtb ,wsHvI)  -/  l/j  J 

represents  the  Q-value  of  the  B-C  circuit  formed  by 


where  Qa  =  1 _  represents  the  Q-value  of 

_  _  ^bb^s^b'e 

rv,-b«  and  q^e  during  input. 

Substitute  eq.  (28)  into  (15),  we  obtain 


. 1  '  "  "-g — 

*v  1  /  (^W^b'e) 


From  equation  (29),  we  see  the  relation  between  the  transistors 
"effective  conversion  transconductance"  and  the  static  curve,  the  oscilia 
tory  condition  and  other  parameters  of  the  apparatus.  It  also  changes 
with  the  input  frequency.  This  property  is  different  from  the  usual 
vacuum-tube  converter  property  encountered  in  broadcast  systems . 
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5.  Practical  Example 

Vs  shalTuBe  a  typical  ESP  nediun-frequency  junction  germanium 
transistor  as  a  practical  example .•  Furthermore  we  shall  find  the  relation 
between  conversion  ability  and  the  application  conditions  of  the  transistor, 
and  between  oscillatory  property  and  the  input  frequency 

From  the  transistor  statid  curve  of  Figure  3;  we  can  obtain  the 
relation  between  tr^nsconductance  and  bias  voltage  (Figure  k) .  Fron  the 
two  curves  of  Figure  4  cxie  sees  that  when  the  bias  voltages  are  equal ,  the 
transconductance  ot  Vc  -  -6  volts  is  higher  than  that  at  Vc  -  -3  volts. 
Therefore  we. ‘select  Vc  =  -6  volts  os  the  collector  voltage.  Figure  3 
shows  a  snail,  group  of  low-frequency  parameters  neasufed  at  Vc  =  -6  volts 
ana  1-  -  1  m.  With  the  above  information,  one  can  begin  the  analysis 
of  the  conversion  ability  of  the  transistor  converter. 

tvia  bias  of  the  transistor  changes  with  the  oscillatory. signal 

,  vBE  :  u  /  Vocos  vot  "  ...  W 

The  hiae  changes  between  two  extreme  values  (>7x  and  Vy) 

Vy  .  =  M  /  VQ  .  V1  «  M-  VQ 

‘.i’he  trans conductance  of  the  transistor  also  changes  between  two  values, 
the  largest  value  gy  and.  the  snallest  value  g1  (see  Figure  5) .  If  we 
contr ol^the  oscillatory  condition  of  the  converter  and  at  the  sane  tine 
change  the  amplitude  T  of  oscillatory,  signal  and  the.  bias  u  such  that  the 
maximum  bias  Vy  is  fixed  (M  / VG  is  a  constant),  then  the  largest  value  of 
fcrnrsconductance  g?  of  this  converter  is  a  constant.  Ve  shall  study  this  ^ 
kino,  of  a  converter  j  pick  Vy  -  -0.19  V,  and  change  M,  Vo  such  tnat  HL  /  V0 

-0.19  V.  - 

With  the  above  method  we  obtained  the  relation  between  g01  C^te  and 
the  oscillatory  property.  (Figure  7)  We  also  found  the  relation  between 
"effective  conversion  trans conductance"  and  oscillatory  property  at  input 
frequences  of  1,  1. 5  and  2  nsgacyles.  (Figure  8)  Fron  Figure  7  one  sees 
that  when  bias  (n)  increases  (anplitv.de  (Vo)  decreases),  gcx  increases  also. 
Fron  Figure  8  one  sees  that  the  "effective  conversion  transconductance" 
and  the  ability  of  conversion  are  at  naxinun  when  u  lies  between  -0.11  and 
-0  13  volt.  Hence  Figure  8  can  be  used  to  determine  the  conditions  for  the 
oscillator. 

One  also  sees  the  relation  between  conversion  ability  and  input 
frequency.  For  the  use  of  a  radio  receiver,  the  converter  cannot  be 
dependent  on  the  input  frequency.  The  ability  of  conversion  cannot 
change  as  the  frequency  changes.  Figure  9  shows  the  relation  between  the 
conversion  ability  and  the  input  frequence  /"We  use  the  ratio 

(g^  3  (fs)  ^  ^  ^ei-e  g  3  1  (f s)  and  G  ^  1  (l)  are  the  effective  conversion 
g  ^  i(l) 

transcondu&tance  at  input  frequences  fs  and  1  me.  respectively^/ . 


From  Figure  9  one  can  see  that  when  the  bias  (n)  is  snail,  the  effect 
of  change  of  input  frequency  on  the  conversion  ability  is  snail. 

The  best  conditions  for  the  oscillator  of  the  converter  should  be 
deternined  by  the,  largest  conversion  ability  (largest  g  j  -.)  and  the  scaliest 
dependence  on  the  input  frequency  6isl  (*2)  " '  65  1  (*1)  }  an$ 

f 2  represents  2  different  input  frequencies .  The  above  two  conditions 
are  deternined  by  the  property  of  the  oscillator .  However  one  cannot 
change  the  property  of  the  oscillator  to  sirmltaneously  neet  these  two 
conditions.  Hence  in  practical  cases,  one  nust  pick  the  property  of  the 
oscillator  to  neet  the  actual  requirements . 


6.  Conclusions 

This  article  introduces  "effective  conversion  transconductance" 
to  represent  the  conversion  ability  of  transistor  converters,  and  uses  it 
for  selecting  transistor  converters,  A  nethod  to  analyze  "effective  con¬ 
version  trrns c onduc tanc e"  is  established,  and  the  relation  between  conversion, 
and  oscillatory  properties  is  calculated.  A  practical  example  is  used  to 
show  the  methods  of  calculations  of  various  properties .  In  the  practical 
example,  we  use  a  medium-frequency  PUP  transistor.  Because  of  the  limita¬ 
tion  of  the  frequency  response  of  the  selected  transistor,  during  operation 
the  conversion  ability  changes  as  the  frequency  of  the  input  signal  changes. 
If  one  uses  transistors  with  more  superior  frequency  response  in  the  con¬ 
verter,  this  defect  can  he  improved. 
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Figure  2.  Th©  equivalent  circuit  sf  the  converter 
represented  by  parameters 
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Figure  6, 


The  Input  Impedance  of  the  Converter  (a)  and 
Its  Simplified  Diagram  (b) 
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Figure  9*  Cc-nversjtsn  '"bllity  vs.  Input  Freguencj 
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